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Silica is a kind of chemical stable, non-poisonous and tasteless white or transparent 
amorphous material. Because of some special properties such as dispersible feature, 
matting effect, reinforcing performance, thermal insulation, insulativity, thixotropy, 
etc, it has been widely used in the rubber, coating, petrochemical, pesticide, daily 
chemical industries. Following the development of these industries and finding in new 
applications, silica materials with the special properties are highly demanded. As 
green technologies, carbonation process and supercritical fluid drying have aroused 
people’s wide concerns due to the capture and sequestration of CO2 and the 
prevention of nanoparticles from aggregation and pores from destruction. On the basis 
of these, in this work, we used carbonation process combined with supercritical fluid 
drying to prepare advanced silica materials with focusing on high pore volume and 
high dispersion. 
Sodium silicate as the precursor was applied to the preparation of silica powders 
with high pore volume by using supercritical/subcritical carbonation process (with 
supercritical or subcritical CO2). The effects of concentration of sodium silicate 
solution, reaction time, reaction temperature and reaction pressure on the pore volume 
and specific surface area (SSA) of the produced silica were studied. N2 adsorption and 
desorption, SEM, FT-IR and XRD were implemented to characterize the silica powder. 
Results show that both SSA and pore volume of the produced silica decrease with the 
increase of concentration; low concentration is conducive to prepare high pore volume 
silica, but gelation rate becomes slow when the concentration is low; both SSA and 
pore volume increase with the reaction time; following the increase of the reaction 
temperature, SSA and pore volume of the obtained silica firstly increase and then 
decrease; silica with high pore volume can be obtained at about 35oC; when the 
pressure is low, the pore volume increases with the pressure, but the pore volume 
decreases at higher pressure. Porous silica with SSA of 864m2/g and pore volume of 















obtained powder is amorphous.  
Sodium silicate as the precursor and ethanol as an additive were applied to prepare 
spherical nano-silica by supercritical carbonation process. The effects of ethanol and 
reaction temperature on the properties of obtained silica were studied. SSA and pore 
volume were measured by the N2 adsorption and desorption method; the dispersibility 
was investigated by a laser particle size analyzer. Also, SEM, FT-IR and XRD were 
implemented to characterize the silica powder. Results show that the average particle 
size of the obtained silica increases, both SSA and pore volume decrease with the 
increase of ethanol, but the dispersibility significantly increases. When the volume 
ratio of ethanol to sodium silicate solution is 4:30, more than 78% of the aggregation 
can be decomposed into nanoparticles. With the increase of the reaction temperature, 
the average particle size tends to decrease, both SSA and pore volume decrease, and 
the dispersibility becomes poor. The FT-IR results suggest that ethanol can increase 
the degree of polymerization of silica but does not change the bond types. XRD 
conforms that the obtained silica is amorphous. 
Sodium silicate as the precursor was employed to prepare highly dispersible silica 
by a pressurized carbonation process. The effects of reaction pressure, reaction time, 
concentration of sodium silicate solution and reaction temperature on the properties of 
silica were studied. In addition, the obtained products were applied to rubber to test its 
reinforcing ability. Results show that SSA increases and DBP absorption decreases 
with the increase of the reaction pressure; reaction time does not influence the SSA of 
silica, but the DBP absorption increases with the increase of reaction time; with the 
increase of the concentration of sodium silicate solution SSA decreases rapidly but the 
DBP absorption increases; both SSA and DBP absorption decrease with the increase 
of the reaction temperature. When the temperature increases to 90oC, SSA decreases 
to 107 m2/g and DBP absorption decrease to 2.1 mL/g. With respect to the 
dispersibility, above 80% of the aggregation of the as-produced silica powders can be 
broken into nanoparticles, while ordinary silica powders preserve only about 20% 
nanoparticles. The as-produced silica powders manifest obviously better reinforcing 















and elongation can be 76.8kgf/cm2 and 868.8%, respectively. 
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